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Novel Genetically Encoded Probes of G-Protein Activation, Calcium
Concentration and Membrane Voltage for Two-Photon Polarization
Microscopy
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Valentyna Kuznetsova2.
1Inst. of Nanobiology & Struct. Biology, Nove Hrady, Czech Republic,
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Two-photon polarization microscopy (2PPM) is emerging as a powerful imag-
ing technique, allowing sensitive imaging of protein-protein interactions and
protein conformational changes in living cells and organisms, often using
existing fluorescently labeled constructs (Lazar J. & al., Nature Methods
2011). Here we present the first generation of genetically encoded optical
probes developed specifically for 2PPM. Our probes allow sensitive, quantita-
tive live cell imaging of G-protein activa-
tion, intracellular calcium concentration,
and changes in cell membrane voltage.3441-Pos Board B596
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Imaging thick samples in optical fluorescence microscopy still represents an
open challenge because sample-induced aberrations can lead to a worsening
of the imaging quality and a wrong interpretation of the data collected. Two-
photon excitation microscopy is a suitable tool to enhance the penetration depth
capabilities of a microscopy system but may still be affected by scattering
effects, generating an out-of-focus fluorescence, which can result in a shift of
the intensity excitation distribution (1). Selective Plane Illumination Micros-
copy represents an optimal tool to perform imaging of large samples, and
recently it has been combined with two photon excitation (2) in order to im-
prove the performances of such a system while imaging deep into a scattering
sample. The aim of this work is to characterize how relevant scattering effects
are in distorting the shape of a light sheet. A comparison between single and
two-photon excitation light sheet has been performed measuring the excitation
distribution profiles in fluorescent immobile phantom samples mimicking the
optical properties of some biological tissues. Results show that two photon
excitation is able to preserve the shape of the light sheet even in strong scatter-
ing samples, while single photon light sheet shows a strong shift in the intensity
excitation distribution as penetration depth and scattering strength increase. To
show the performances of the imaging of the system, a 3D reconstruction of
a tumor spheroid, a suitable model for a thick scattering sample, is reported.
1. Theer, P. Denk, W. ‘‘On the fundamental imaging-depth limit in two-photon
microscopy’’. J Opt Soc Am A, 23 (12), (2006).
2. Truong, T. et al. ‘‘Deep and fast live imaging with two-photon scanned light-
sheet microscopy.’’ Nat Methods, 8 (9) (2011)
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The stimulated emission depletionmicroscopy (STED) is a technique that, over-
coming the diffraction barrier, allows distinguishing details of cellular structures
and evenmolecular structures, never been visible before[1]. In order to study the
trafficking of synaptic vesicles synchronized with the electrical activity of the
neuron, we developed a custommade STEDmicroscope based on a supercontin-
uum laser source. In a typical STED microscope, a laser beam inducing stimu-
lated emission is superimposed with an excitation beam. Such a STED beam
typically has a doughnut-shaped focal pattern featuring a zero-intensity point.
When the intensity of the depletion beam at the doughnut crest saturates the stim-
ulated emission transition, the spatial extent of the effectivefluorescence signal is
confined to subdiffraction dimensions. In order to fully exploit the maximum ef-
fective resolution achievable we improved our custom made STED architecture
based on a supercontinuum laser source with several experimental precautions,
i.e. temporal alignment between the excitation and the STED pulses and the po-
larization state of the STED beam [2]. We validated the improvements by imag-
ing calibration and biological samples. The achieved nanometer resolution
disclosesmorphometric properties that are completely hidden to the confocal ob-
servation. Since our aim is to follow in vivo the trafficking of synaptic vesicles,
we moved to a different supercontinuum laser source with an higher repetitionrate, in order to increase the speed in the image acquisition, and an higher inten-
sity for the STED beam, that should provide an increase in terms of resolution.
[1] S. W. Hell and J. Wichmann, ‘‘Breaking the diffraction resolution limit by
stimulated emission: stimulated-emission-depletion fluorescence microscopy,’’
Opt Lett 19, 780-782 (1994).
[2] S. Galiani, B. Harke, G. Vicidomini, G. Lignani, F. Benfenati, A. Diaspro,
and P. Bianchini, ‘‘Strategies to maximize the performance of a STED micro-
scope,’’ Opt. Express 20, 7362-7374 (2012)
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When near the focus, the image of a point emitter has little information about the
emitter’s position along the optical axis. To improve the 3D localization preci-
sion, several methods such as astigmatic imaging, double helix point spread
functions, and multiple focal plane strategies have been developed to encode
the axial position in one or more 2D images of the same emitter. In each of these
strategies, a proper model for the 3D microscope point spread function (PSF) is
essential to avoid inaccuracies in localization. Generating PSF models from
phase retrieved (PR) pupil functions has the advantage that the model images
are noise free, can be calculated for any focal plane, and include aberrations
specific to the optical system. This representation can also be extremely com-
pact by representing the pupil function as a set of Zernike polynomials. Here
we demonstrate the use of PSFs generated from PR pupil functions for 3D single
molecule localization based super-resolution imaging using a dual focal plane
setup. We show the phase retrieval process, as well as the details of fast PSF
calculation by implementation on graphics processing unit hardware. We
show a comparison between fitting with ideal, aberration free PSF models
and that generated from PR pupil functions using a variety of cellular structures
including the ER, microtubules and the membrane proteins STIM1 and ORAI1.
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Fully understanding cell mechanics requires knowledge of both translational
and rotational dynamics, as well as their coupling. The knowledge of rotational
dynamics in and on live cells remains highly limited and requires further exper-
imental advances through the development and use of new innovative tools
and novel simulations for their interpretation. The single particle orientation
and rotation tracking (SPORT) technique affords high spatial, angular, and
temporal resolutions simultaneously, for visualizing the rotational dynamics
of anisotropic plasmonic gold nanorods in living cells under differential inter-
ference contrast microscopy. using SPORT, we are acquiring new knowledge
on the fundamental models of microtubule-based intracellular transport and
nanoparticle-based drug delivery vectors.
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High-intensity laser illumination utilized in optical mapping studies can induce
tissue heating and significantly affect action potential duration (APD). Here we
use computer modeling to assess temperature distribution across myocardial
wall and resulting in transmural APD gradients induced by spatially uniform
illumination of the epicardial surface. Analysis was carried out for 530 nm
and 660 nm illumination wavelengths used for the excitation of blue-green
and near-infrared voltage sensitive dyes (attenuation length 1.12 and
2.56 mm, respectively). We simulated superfused slabs of myocardial tissue
with thicknesses ranging from 3mm (rat, guinea pig) to 10 mm (pig) using
the heat transfer equation. We assumed that excitation light decayed exponen-
tially with depth. The temperature of the illuminated surface was maintained
at t=36.5C. The heat transfer and specific heat coefficients were set at
0.531 mW/mm$K, and C= 4200 mJ/g$K, as reported for myocardial tissue.
In 3 mm thick slabs, 530 nm epicardial illumination produces a non-monotonic
transmural temperature profile with the maximum at 1.2 mm under the illumi-
nated surface. The gradient developswith a time constant of 6ms. Themaximum
temperature is proportional to the light intensity, reaching 2.2 C at 5mW/mm2.
According to the literature, this can result in an 17%APD shortening. At 660 nm
the temperature increase/APD shortening is lower (1.1 C and 8%); due to lower
